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@ isopropyl t-butyl ether generation fronn crude acetone. 



@ Disclosed is a two-stap process for the generation of isopropyl ^butyl ether from a crude by-product 
acetone stream which comprises : 

a) Hydrogenating said crude acetone over a bulk metal, nickel-rich catalyst to give an isopropanol- 
rich effluent ; 

b) subjecting said tsopropanol-rich intermediate to etheriftcation conditions in the presence of a 
strong ackj catalyst selected from : 

(1) 3 cationic resin ; 

(2) a p-zeolite ; 

(3) dealuminised Y-zeoIites ; and 

(4) metal-modified 3-zeolites. 

The process may also be used for the co-generation of isopropyl /-butyl ether and methyl Abutyl eth r 
where the crude acetone stream additionally contains signiTicant quantities of both methanol and 
Abutanol. 
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This inv ntion concerns a novel two-st p proc dure forg n ration of isopropyl f-butyl ther (IPTBE). and 
optionally methyl f-butyl ther (MTBE). from a crude by-product ac tone stream which compris s (1) hydro- 
g nating the crude acetone stream over a bulk-metal nickel-rich catalyst to give an isopropanol-rich efflu nt; 
and (2) subjecting the isopropanol-rich intermediate to etherif ication conditions In the presence of a series f 
5 strong acid catalysts selected from the group consisting of cattonic resins, p-zeolites, metal-modified o- 
lites and dealuminised Y-zeoIites. 

IPTBE is useful as an octane enhancer in gasoline. 

It is known to those skilled in the art that ethers, including t>oth symmetrical and asymmetrical ethers, may 
be prepared by reacting an alcohol with another alcohol to form the desired product The reaction mixture, con- 
10 taining catalyst and/or condensing agent may be separated and further treated to permit attainment of the de- 
sired product Such further treatment commonly includes one or more distillation operations. 

Though MTBE is the most widely produced and discussed ether as an automotive fuel additive, oth r 
ethers are also being evaluated, such as diisopropyl (DIPE) and ethyl tertiary butyl ether (ETBE). DIPE can 
be produced from refinery propylene and water and isopropanol is an intermediate in this process. In a vari- 
15 ation, isopropyl tertiary butyl ether could be produced by combining isobutylene with isopropanol. 

The higher molecular weight ethers all have blending vapor pressures lower than MTBE, and much low r 
than ethanol. Their boiling temperatures are also higher than MTBE. Furthermore, higher molecular weight 
IPTBE and ETBE have the potential to contribute more octane. IPTBE has the capability of providing the great- 
est net octane increase, (R<i-M)/2, of all the oxygenates considered as fuel additives to gasoline. In addition, 
20 because of their lower oxygen content, a greatervolumeof the higher M Wethers, such as IPTBE, can be added 
to base gasoline without exceeding the target oxygen content. 

Although there has not been as much discussion regarding the production of IPTBE as there has been for 
MTBE, it is apparent that with its lower oxygen level and lower vapor pressure, there should be a definite niche 
for IPTBE in the future of reformulated gasoline. 
25 With regard to classes of solid acid catalysts found suitable in this invention for IPTBE synthesis on of 

the earliest disclosures of zeolite beta was in U.S. Patent No. 3,308,069 (1967} to Wadinger et al. 

In U.S. Patent No. 3,955.939, to Sommer et al. (1976), there is disclosed the production of a water-free 
mixture of isopropyl alcohol, diisopropyl alcohol, diisopropyl ether and by-products by the catalytic hydration 
of propylene in the gaseous phase at temperatures of 1 40°-1 70°C. wherein the water-free mixture formed ac- 
30 cording to the process can be used directly as an additive to gasoline fuel. 

None of the available references would seem to suggest the conversion of the acetone portion present in 
a by-product stream into IPTBE. The portion of said by-product stream which typically comprises aceton is 
about 10% to 80%. It would greatly enhance the economics of any process to produce oxygenates if acet ne 
from a by-product stream could be converted to useful oxygenate products such as isopropyl tertiary butyl 
35 ether, as well as methyl tertiary butyl ether (MTBE). 

In accordance with the foregoing the novel method of the present invention for generation of isopropyl ter- 
tiary butyl ether from a crude by-product acetone stream is a two-step process which comprises: 

(1) hydrogenating the crude acetone stream over a bulk-metal nickel-rich catalyst to give an isopropanol 

rich effluent; and 

40 (2) Etherif ying the isopropanol-rich intermediate in the presence of a series of strong acid zeolite catalysts 

selected from the group consisting of cationic resins, p-zeolite, metal-modified p-zeolites and dealumin- 
ised Y-zeolites. 

Cogeneration of isopropyl tertiary butyl ether along with methyl f-butyl ether may also be accomplished 
in the present invention by the steps listed above, where the crude acetone stream, in addition, contains sig- 
45 nif icant quantities that is preferably greater than 5% _ of both methanol (MeOH) and f-butanol (©A). Most pre- 
ferably, for the cogeneration of IPTBE and MTBE, the crude acetone feed contains 1 0%-40% each of both me- 
thanol and f-butanol. 

The two-step IPTBE synthesis can be represented by. 

so 

O 
II 

CH3-C-CH3 > (CH3)2CHOH — > 
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In a process to mak propyl ne xide a large number of by-products are typically generated with th de- 
sired product Th by-products may include formic acid, acetic acid, their ester derivatives, f-butanol and acet- 
one. The aceton may constitut about 1 0% to 80% of c rtain crude by-product str ams. Thes crude acet ne 
streams may be further mix d with methanol. 

5 In the first step of the present invention the crude acetone is passed over a nickel-rich catalyst. A pref rr d 

nickel catalyst is characterized by having the composition, calculated In mor/o. of from about 60%-85% nick I, 
1%-30% copper and 0.1%-6% chromium with the preferred proportions being about 65%-78% nickel. 10%- 
20% copper and 1 %-3% chromium. The temperature necessary to achieve the desired acetone hydrogenation 
to isopropanol (IPA) is >100**C. the preferable range is laC-ISO^C. 

10 The conversion of acetone to isopropanol in the first step of Eq. 1 is normally >90% per pass in continuous 

processing and preferably it is as great as 99% or more. In the second step the isopropanol is subject d to 
etherification conditions in the presence of a series of solid strong acid catalysts, from the group consisting 
of catk>nic resins. 0-zeolite, metal-modified p-zeolites and a dealuminised Y-zeolite. 

The ion exchange resins used as catalysts comprise a class of ion exchange resins having a strongly acidic 

IS cation exchange. These include the gel type, or macroreticular ion exchange resin, with sulfonic acid (.SO3H), 
or substituted sulfonic acid functional groups, wherein the sulfonic acid functional group is bonded directly or 
indirectly to an organic, preferably polystyrene or styrene-divinyl benzene polymer backbone. Examples of such 
resins include AMBERLYST®-15 and XN-1010. AMBERLITE® IR-118, DOWEX® 50X2-100 and 5X8-100. 
DOWEX(S> M-31 and M-32, plus BIO RAD® AG50W-X2 and AMBERSEP® 252H. Another suitable ion ex- 

20 change resin is Rohm and Haas' A-35 high temperature resin, as well as DuPont's NAFION® resin, having 
the perf luorosulfonic acid functionality. Preferred are the macroporous resins with the styrene-divinyl benzene 
polymer backbone, sulfonic acid functionality, and 1%-20% cross-linking, such as AMBERLYST® 15 and XN- 
1010. Said resins should be in the acid (hydrogen) form. 

The second group of exemplified catalysts includes p-zeolite, alone or modified. Typically, p-Zeotit is a 

25 crystalline aluminosilicate having a pore size greater than 5 Angstroms. The composition of the zeolite in its 
as synthesized form may be expressed as follows: 

[XNa (1.0±0.1-X)TEA]AlO2 YSIO2WH2O 
where X is less than 1, preferably less than 0.7; TEA represents the tetraethylammonium ion; Y is greater than 
5 but less than 100; and W is up to about 60 (it has been found that the degree of hydration may be higher 

30 than originally determined, where W was defined as being up to 4). depending on the degree of hydration and 
the metal cation present. The TEA component is calculated by differences from the analyzed value of sodium 
and the theoretical cation to structural aluminum ratio of unity. 

It has been reported that zeolite beta has two types of three dimensional pore openings, the linear and 
the tortuous channel. The former has pore openings of 7.5Ax 5.7Aand the latter has pore openings of 6.5A 

35 X 5.6A. When silica, for example, is deposited on zeolite beta, the pore opening was narrowed or blocked by 
the deposited silica. It was concluded that silica deposition selectively removes strong add sites and increas s 
the population of medium acid sites. 

In the fully base-exchanged form, zeolite beta has the composition: 

[(X/n)M(1 ±0. 1 -X)H]AI OjYSiOzWHjO 

40 where X, Y and W have the values listed above and n is the valence of the metal M. This fonm of the zeolite 
may be converted partly to the hydrogen form by calcination, e.g. at 200°C to 900**C or higher. The completely 
hydrogen form may be made by ammonium exchange followed by calcination in air or an inert atmosphere 
such as nitrogen. 

The preferred forms of zeolite beta are the highly acidic, high silica forms, having silica-to-alumina mole 
45 ratio of at least 10:1 , and preferably in the range of 10:1 to 50:1 in the as-synthesized form, and a surface area 
of at least 100 mVg. 

Suitable ^-zeolites for the practice of this Invention Include Valfor C806p, Valfor CP81 5p and Valfor C861 . 
Valfor® is the registered trademark of the PQ Corporation. 

Valfor® C806P zeolite is zeolite beta powder in template cation form. It is a high silica shape selective zeolite 
50 which contains the organic template used in the crystallization step, having been isolated after filtration and 
washing of the synthesis product C806p has a SiOj/AlsOa molar ratio of 23-26; the crystal size is 0.1-0.7 um; 
the surface area after calcination is about 700-750 mVg; the cydohexane adsorption capacity after calcination 
is 19-24g/100g; Na20 content is about 0.01-1.0% by weight anhydrous; and, the organic content is about 11- 
13% by w ight, on a water-free basis. 
55 Valfor® C815P zeolite Is a calcined zeolite beta powder in hydrogen, sodium form. It is simitar to C806P 

except the product has b en calcined to decompos the rganic template. C815P is a high silica, shape se- 
lective aluminosilicate with a large pore diameter. C81 5p also has a Si02/Al203 molar ratio of about 23-26; the 
crystal-size, surface area, cydoh xane adsorption capacity and Na20 are all within the same ranges as given 
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for C806P, 

Valfor<S^ C86ip is an extrudate made of 80% C815p powd r and 20% alumina p wder. 
Said p-zeolit s may optionally b pretr ated b fore modificati n with a halogen, a halogen-containing or- 
ganic compound, or a halogen-containing acid. Said halogen may be fluorine, chlorine, bromin or iodine, but 
5 is preferably fluorine. In the case of fluoride treatment, the fluoride content of the treated ^-zeolite may b in 
the range of 0,1 to 1 0 wt%, but preferably is about 1 %. Said fluoride-treated zeolites may optionally be calcin d. 
at temperatures of 200°C and above, prior to further usage or modification. 

Said catalysts may be formed in the presence of a binder, such as Group III or Group IV oxide. Group IV 
oxides used in conjunction with said p- zeolite include oxides of aluminum, silicon, titanium, zirconium, hafnium, 
10 germanium, tin and lead, as well as combinations thereof. Alumina is preferred. Said binders may comprise 
1 0% to 90% of the formed catalyst. 

Particularly effective in the subject cogeneration of IPTBE and MTBE are the ^-zeolites modified with mul- 
tiple metals. The metals useful for modifying the zeolite in the present invention comprise those from Groups 
IB, VS. VIB, VIIB and VIII of the Periodic Table, including said transition metals. Preferred metals are th s 
15 found in Groups IB, VIB, VIIB and VIII of the Periodic Table and include copper, chromium, manganese, ir n, 
nickel, palladium and platinum. Especially good results were observed using combinations of iron, mangan se 
and chromium, or combinations of nickel and copper on Valfor® Zeolite 86ip, as well as platinum, or palladium, 
fluoride-modified p-zeolites. 

Said zeolites are preferably impregnated with said specified metals as their salts, particularly their metal 
20 nitrate or chloride salts, in an aqueous, alcoholic, or ketonic media over a period of 1-24 hours, then the solids 
are filtered off, dried at elevated temperature, e.g. 120<'C, for a period of time and calcined at 300-800''C for 
a further period, e.g. SIS^'C for 2 hours, followed by 540°C for another 2 hours, then reduced in a stream of 
hydrogen at ^200°C. 

The amount of the various metals deposited on the zeolite can vary. The amount of each individual metal, 
25 i.e., iron, chromium, copper, manganese, and nickel, can vary from 0.01 to 10.0%. Where iron, chromium and 
manganese are deposited on 861 p the preferred weight percent is from 0.1% to 5.0%. 

The fourth type of catalyst suitable for the second stage of this invention general ly comprises dealuminised 
Y-zeolite catalysts. 

The preferred catalysts for use in the dealuminised form for the reaction of Eq. 1 are certain crystalline 
30 aluminosilicate zeolites, particularly the isostructural group of faujasite zeolites that include the synthetic X- 
and Y-zeolites. The preferred zeolites for deal umi nation are the Y-zeolites. 

The unit cells of faujasite zeolites are cubic, ao « 2.5 nm, and each contains 1 92 silicon- or aluminium-c n- 
tered oxygen tetrahedra which are linked through shared oxygen atoms. Because of the net negative charge 
on each of the aluminum-centered tetrahedra, each unit cell contains an equivalent number of charge- 
35 balancing cations. These are exclusively sodium ions in zeolites in their synthesized form. Typical cell contents 
for the Y-zeolites in the hydrated form are: 

Na56[(AIO2)56(SiO2)l36]x250 H2O 

Y-zeolites are distinguished on the basis of the relative concentration of silicon and aluminum atoms and 
the consequent effects on detailed structure and related chemical and physical properties. The aluminum 

40 atoms in the unit cell of Y-zeolite vary from 76 to 48. resulting in a Si:AI ratio between 1.5 and 3.0. Both the 
cation concentration and charge density on the aluminosilicate structure are lower for Y-zeolites than f r X- 
zeolites, where the aluminum atoms in the unit cell vary from 96 to 77. 

The feature which determines the difference between faujasites and other zeolites built up from sodalite 
units is the double 6-memt>ered ring or hexagonal prism, by which the units are linked. The sodalite unit, or p- 

45 cage, can be represented by a truncated octahedron, with the 24 silicon or aluminum atoms (designated T 
atoms) taking positions at the vertices. The 36 oxygen atoms are displaced from the midpoints of the edges 
joining the vertices in order to attain tetrahedral configuration around the T atoms. The free diameter of the 
void within the p-cage is 0.66 nm, but only the smallest molecules can enter through the 0.22 nm diameter 
opening in the distorted ring of six oxygen atoms associated with each hexagonal face. Each sodalite unit is 

so linked tetrahedrally across hexagonal faces by six bridging oxygens to four other sodalite units. The larger void 
spaces enclosed by sodalite units and hexagonal prisms are termed a-cages, or supercages. The a-cage is 
a 26-hedron with a free diameter of « 1.3 nm, and it can be entered through four distorted 12-member rings 
of diameter 0.80-0.90 nm. In this way each a-cage is tetrahedrally joined to four others giving a complex system 
of void space ext n ding through utthezeolit structur . Th a- and p-cages tog ther give Y-zeolites, along 

55 with X-zeolites, th largest void volume of any known ze lites, which is ca. 50 v 1% of the dehydrated crystal. 
From the catalytic viewpoint, th a-cages are by far the most important, sine , unlik thep-cag s. th y permit 
entry of numerous aliphatic and aromatic compounds. 

\^as been demonstrated in the present invention these Y-zeolites are particularly effective in the dealu- 
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minised form. Preferably, said Y-zeolit s are dealuminised by ammonium exchange followed by calcination, 
or by treatment with ethylenediaminetetraacetic acid (EDTA) r ther chelating ag nts. or by treatment with 
fluorine or a fluorine-containing compound such as silicon tetraflu rid or ammonium flu rosilicate, or hydro- 
thermal (steam) tr atment and/or acid treatment Said dealuminised Y-zeolites should have a siltca-to-alumina 
molar ratio of greater than three, preferably a ratio of 5 or greater. The examples demonstrate the useful n ss 
of catalysts having a silica-to-alumina ratio of 5 to 100. 

Examples of suitable commercially available dealuminised Y-zeolites include UOP's LZY-82 and L2:Y-72. 
PQ Corporation's CP-304-37 and CP-316-26, UOFs Y-85, Y-84, LZ-10 and LZ-210. 

The unit cell size and Si02/Al203 molar ratio for typical dealuminised Y-zeolites are noted in the table below: 



ZEOUTETYPE 


UNIT CELL SIZE, A 


SIO2/AI2O3MOLAR 


LZY-82 


24.53 


7.8 


LZY-85 


24.49 


9.1 


LZY-10 


24.32 


23.7 


LZY-20 


24.35 


18.9 


LZY-84 


24.51 


8.4 


LZ-210 


24.47 


9.9 


LZY-72 


24.52 


8.1 


CPS 16-26 


24.26 


45.7 



Said catalysts may be in the form of powders, pellets, granules, spheres, shapes and extrudates. The ex- 
amples described herein demonstrate the advantages of using extrudates. 

The reaction may be carried out in either a stirred slurry reactor or in a fixed bed continuous flow reactor. 
The catalyst concentration should be sufficient to provide the desired catalytic effect. 

Etherif ication to IPTBE can generally be conducted at temperatures from 20'' to 250*C; the preferred range 
is 40° to 80°C. Good results are observed throughout this temperature range. However, it can be noted that 
the best conversion figures for IPTBE and MTBE cogeneration are observed when the temperature is 20°- 
1 00**C. The total operating pressure may be from 0 to 5000 psig (0.1 to 35 MPa), or higher. The preferred pr s- 
sure range is 100 to 1000 psig (0.7 to 7 MPa). 

Typically. IPTBE is generated continuously in up to ca. 15 wt% concentration or greater in the crude liquid 
product at total liquid hourly space velocities (LHSV) of up to 6 or higher and relatively mild conditions, where: 
LHSV - VQ'"*^^ Of Total Liquid Feed Run Through The Reactor Per Hour 

Volume of Catalyst In Reactor 
Conversions of isopropanol (I PA) are estimated in the following examples using the equation: 
(Mole% of IRA in Feed - Mole% of IPA in Product) 
Mole%of IPAin Feed 

The examples which follow illustrate the two-step synthesis of IPTBE and MTBE from acetone, also con- 
taining methanol plus /-butanol, using cationic resins, zeolites, metal-modified ^zeolites and dealuminised 
Y-zeolites. 

The accompanying examples illustrate: 

1 . The hydrogenation of a crude acetone by-product stream from a MTBE/PO Unit over a bulk metal, nick I- 
rich, catalyst under moderate conditions (see Example 1). 

2. The cogeneration of IPTBE/MTBE from the hydrogenated acetone stream of Example 1 under mild con- 
ditions using a p-zeolite catalyst (see Example 2). 

3. The cogeneration of IPTBE/MTBE from the hydrogenated acetone stream of Example 1 under mild con- 
ditions using a cationic resin catalyst (see Example 3). 

4. The generation of IPTBE from an equimolar isopropanol/ t-butanol mixture under mild conditions using 
a p-z olit r cationic r sin catalyst (see Exampt s 4 and 5). 

5. The cog n ration of IPTBE/MTBE from another hydrogenated acetone (73%) stream by passage over 
a p-zeolite, or cationic resin catalyst (se Examples 6 and 7). 

6. The generati n of IPTBE from a third hydrogenated acetone (1 5%) stream by passag over a p-zeollte 
r cationic resin catalyst (s ExampI s 8 and 9). 
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7. IPTBE generation from the hydrogenated acetone str am of ExampI s 8 and 9, using as th catalyst: 

a) A platinum-impregnated p-zeolite (Example 10). 

b) A palladium-impregnated, flu rided p-z ofite (Example 11). 

c) A chromium, manganese, iron-modified (p-zeoiite (Example 12). 
5 d) A nickel, copper-treated p-zeotite (Example 13). 

e) Adealuminlsed Y-zeolite (Example 14). 

EXAMPLE 1 

10 This example illustrates the hydrogenation of a crude acetone stream. 

A crude acetone mix from a PO/MTBE unit containing 62% acetone (AC2O) and having the composition 
shown in Table 1 was passed, upflow. over a nickel, copper, chromium bulk metal catalyst containing ab ut 
72% nickel in the presence of hydrogen (90 l/hr) at LHSV of 0.5 at a series of temperatures (1 20*^-1 BO^'C). Hy- 
drogenation of said stream was achieved at 160°C and a typical product composition for the liquid fraction is 
15 given in Table 1. 

Estimated acetone conversion is 99%. 

The primary product is isopropanol (IPA). Other organic oxygenates Identified in this product fraction in- 
clude methanol (MeOH), f-butanol (fBA). Nbutyl fomiate (©F) and allyl f-butyl peroxide (ATBP). 
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55 EXAMPLE 2 

This example illustrates the cogeneration of isopropyl Nbutyl ether (IPTBE) and methyl /-butyl ether 
(MTBE) from a hydrogenated acetone feedstock. 
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Synthesis was conduct d in a tubular reactor (1/2" (12.5 mm) i.d„ 12" (300 mm) long) construct d f 316 
stainl ss steel, op rated upfl w, and mounted in a furnace, controllable to ±1.0*'C, and fitt d with pumps al- 
lowing fl w control to <1± cc/hr. Th r actor was als fitted with a pressur regulating d vie and equipm nt 
for monitoring temperature, pressure, and flow rat . 

The reactor was charged at the beginning of the experiment with 50cc of p-zeolite (80% beta, 20% alumina 
binder, in 1/16" (1 .6 mm) diameter extruded form). A glass wool screen was placed at the top and bottom f 
the reactor to ensure the catalyst would remain In the middle portion. 

The catalyst bed was treated with the crude hydrogenated acetone feedstock of Example 1. while the re- 
actor was held at a series of temperatures (40°-100''C). Total unit pressure was maintained at about 700 psi 
(4.9 MPa). Samplesof crude product effluent were collected periodically on stream, in 316ss bombs, and ana- 
lyzed by glc and gc-ms. Typical analyses data are summarized in Table 2. 
At 80°C: The f-butanol conversion level is 41% 
(Sample 6). 

The MTBE nnolar selectivity is 76%. 

The IPTBE molar selectivity is 16%. 
Some diisopropyl ether (DIRE), isobutylene. diisobutylene (CsHie) and water were also generated as co- 
products of this etherification. 

Product identification was by a combination of gc-ms and glc techniques. 
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EXAMPLE 3 

This example illustrates the cogenerati n of isopr pyl f-butyi th r (IPTBE) and methyl f-butyl ther 
(MTBE) from a hydrogenated acetone feedstock. 
5 Synthesis was conducted using the equipment and procedures of Example 2. The reactor was charged 

with SOccof Amberlyst® A-15 (a sulfonated, styrene-divinytbenzene resin in bead form, presoaked in isopro- 
panol) and the catalyst bed was treated with the crude hydrogenated acetone feedstock of Example 1, at a 
series of temperatures (40**- 1 00*^0) . 

Typical analyses results are summarized in Table 3. 
10 At 80°C: The f-butanol conversion level is 47% 
(Sample 6). 

The MTBE nrioiar selectivity is 81%. 
The IPTBE molar selectivity is 14%. 
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EXAMPLES 4 AND 5 

Th seexamp! s illustrate the generation of isopr pyl f-butyl ether from a mixtur off-butan I and isopro- 
panol. 

5 Syntheses were conducted using the equipment and procedures of Example 2. The reactor was charged 

with 50cc of catalyst (either p-zeolite or cationic resin) and the catalyst bed was treated with a 1:1 molar mix 
of t-butanol and isopropanol over a range of temperatures (40*-140*C) and LHSV's (0.25->4). 
Typical results are summarized in Tables 4 and 5. 
At ecc. using p-zeolite (C86ip) as catalyst 
10 The t-butanoi conversion is 25%. 

IPTBE effluent concentration is 14.4%. 
At 60°C, using cationic resin (A-15) as catalyst: 
The f-butanol conversion is 24%. 
IPTBE effluent concentration is 15.3%. 
15 Significant quantities of diisopropyl ether (DIPE) and diisobutylene (CeHie) were generated at the higher 

operating temperatures (100**-140°C). Product identification was by gc-ms and glc techniques. 
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EXAMPLES 6 AND 7 

Thes xampies illustrate the cog neration of Iso propyl f- butyl ther (MTBE) f rom a hydrog nat dac tone 
feedstock. 

5 Syntheses were conducted using the equipment and procedures of Example 2. The reactor was charg d 

with 50cc of catalyst (either p-zeolite or catlonic resin) and the catalyst bed was treated with a crude ac t ne 
feedstream containing 73% acetone, methyl fonnate (MeF), methanol (MeOH), f-butanol (tBA). df-f-butyl per- 
oxide (DTBP) plus butanes, that had been hydrogenated by the procedure of Example 1 . to convert the acetone 
fraction to isopropanol (IPA) and then blended with additional f-butanol to a IPA:fBA molar ratio of 1:1. Eth r- 
10 if ication of this IPArfBA mix to IPTBE plus MTBE was conducted over a range of operating temperatures. Typ- 
ical results are summarized in Tables 6 and 7. 

At 80*^0 , using the cationic resin (A- 15) as catalyst: 
The f-butanol conversion is 34%. 
IPTBE molar selectivity is 26%. 
15 At 80*'C, using the p-zeolite (C86ip) as catalyst: 

The ^butanol conversion is 44%. 
IPTBE effluent concentration is 7.3%. 
Some isopropyt formate (IPF), isobutylene. diisobutylene (CgHie) and water were also generated as co- 
products during these etherif ication experiments. Product identification was by a combination of gc-ms and 
20 glc techniques. 
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EXAMPLES 8 AND 9 

These xamples illustrate the generation of isopropyl f-butyl ether (IPTBE) from a hydrogenated acetone 
feedstock. 

5 Syntheses were conducted using the equipment and procedures of Example 2. The reactor was charg d 

with 50cc of catalyst (either ^zeolite or cation ic resin) and the catalyst bed was treated with a crude acet ne 
feedstream containing 15% acetone, methyl formate, methanol, isopropanol, f-butanol, di-Nbutyl peroxides 
plus butanes, that had been hydrogenated by the procedure of Example 1 to convert said acetone fraction to 
additional isopropanol. The IPAiffiA molar ratio of the final feed mix was 1 :3.8. Etherif ication to IPTBE was 
10 conducted over a range of temperatures (^O^'-IOO^'C). Typical results are summarized in Tables 8 and 9. 
At 60*'C. using the cationic resin (A-15) as catalyst: 
The f-butanol conversion is 12%. 
IPTBE molar selectivity Is 42%. 
At 60''C, using the p-zeolite (C86ip) as catalyst: 
15 The f-butanol conversion is 12%. 

IPTBE effluent concentration is 6.5%. 
Typical IPTBE product was then Isolated by fractional distillation of the crude effluent material of Example 
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EXAMPLE A 

This example illustrates the preparation of platinum-treat d p-zeolite. 

T a sampi f p-zeolite (50% beta. 50% alumina, 1/1 6" 2(1 .6 mm) diameter xtrud d form. 300cc, 1 76g) 
5 was added a solution of tetraamine platinum(ll) nitrate (Pt(NH3)4(N02)2. 1 .75g) in 120cc of distilled water, with 
stirring. After mixing for up to 1 hour, the solid was dried at 120''C for 2 hours, calcined at 540''C for 3 h urs. 
and reduced In a stream of hydrogen at 400*'C for 4 hours. 

EXAMPLE B 

10 

This example illustrates the preparation of a nickel, copper treated p-zeolite. 

To a sample of p-zeolite (80% beta. 20% alumina. 1/16" (1.8 mm) diameter extruded form. lOOg) was add- 
ed a solution of nickel nitrate (5.05g) plus copper nitrate (3.74g) in distilled water (88cc). with stinrlng after mix- 
ing for up to 1 hour, the solid was dried at 120**Cfor 2 hours, calcined at 315''^80°C for 12 hours, and reduced 
15 in a stream of hydrogen at SSO^'C for 4 hours. 

EXAMPLE C 

This example illustrates the preparation of a chromium, manganese, iron-treated p-zeolite. 
20 To a sample of p-zeolite (80% beta, 20% alumina. 1/1 6" (1.6 mm) diameter extruded form. 92g) was added 

a solution of ferric chloride (FeCl3-6H20, 4.57g), chromium(lll) nitrate (Cr(N03)3-9H20, 7.27g) and manganese 
nitrate (Mn(N03)2-6H20, 4.93g) dissolved in 90cc of distilled water, with stirring. After mixing for up to 1 hour, 
the solid was dried at 120''C. overnight, calcined at 315''-y540''C for 4 hours, and reduced in a stream of hy- 
drogen at 350°C. 

25 

EXAMPLES 10-14 

These examples illustrate the generation of isopropyl f-butyl ether (IPTBE) from a hydrogenated acetone 
feedstock. 

30 Syntheses were conducted using the equipment and procedures of Example 2 and the hydrogenated acet- 

one feedstock of Examples 8 and 9. The metal-nnodif led p-zeolite catalysts demonstrated to be effectiv f r 
IPTBE/MTBE cosynthesis include: 

a) The platinum-impregnated p-zeolite of Example A (See Table 1 0). 

b) A palladium- impregnated, fluorided p-zeolite (See Table 10). 

35 c) The chromium, manganese. Iron-modified p-zeolite of Example C (See Table II). 

d) The nickel, copper-treated p-zeolite of Example D (See Table II). 

isopropyl f-butyl ether generation was also realised with a dealuminised Y-zeoilte. CP316-26 from PQ 
Corp. (See Table 12). 
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Claims 

1. A two-step process for the generation of isopropyt f-butyl ether f r m a crud by-product acetone stream 
characterised in that it comprises th steps of: 

5 a) Hydrogenating said crude acetone over a bulk metal, nickel-rich catalyst to give an isopropanol-rich 

effluent; 

b) subjecting said isopropanol-rich intermediate to etherif ication conditions in the presence of a strong 
acid catalyst selected from: 
(1) a cationic resin; 
10 (2) a p-zeolite; 

(3) dealuminised Y-zeolites; and 

(4) metal-modified p-zeolites. 

2. A prDcess as claimed in Claim 1 wherein the nickel-rich catalyst comprises 60%-85% nickel, 1 %-30% cop- 
is per and 0.1%-6% chromium. 

3. A process as claimed in Claim 1 wherein the etherif ication catalyst is a cationic resin selected from the 
group consisting of a gel type resin and a macroreticular Ion exchange resin. 



20 



A process as claimed in claim 1 or claim 2 wherein the etherif ication catalyst is a ^-Zeolite having a sili- 
ca:alumina molar ratio of at least 10:1. 

5. A process as claimed in any one of claims 1, 2 or 4 wherein the p-zeolite has a surface area, after cal- 
cinatkjn, of at least 100 m^/g. 

6. A process as claimed in any one of claims 1 . 2, 4 or 5 wherein the p-zeolite is modified with one or more 
metals from Groups IB, VIB, VIIB and VIII of the Periodic Table. 

7. A process as claimed in claim 6 wherein the p-zeolite is modified with one or more metals selected from 
the group consisting of iron, chromium, manganese, copper and nickel. 
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8. A process as claimed in claim 6 wherein the ^-zeolite is modified with platinum or palladium. 

9. A process as claimed in any one of claims 6 to 8 wherein the concentrations of metals deposited on said 
zeolite vary from 0.01% to 10.0% for each metal. 

10. A process as calimed in any one of claims 1, 2, and 4 to 9 wherein the p-zeoltte catalyst is formed in the 
presence of a binder selected from a Group III oxide or a Group IV oxide. 

11. A process as claimed in claim 1 or daim 2 wherein the second stage catalyst is a Y-zeolite dealuminised 
in a manner selected from: 

a) ammonium exchanging the Y-zeolite followed by calcining; 

b) treating the zeolite with ethylenediaminetetraacetic acid; 

c) treating the Y-zeolite with a fluorine-containing compound from the group consisting of silicon tet- 
rafluoride and ammonium fluorosilicate; and 

d) treating the Y-zeotite with steam alone or followed by acid treatment. 

12. A two-step process for the cogeneration of isopropyl f-butyl ether and methyl f-butyl ether from a crude 
by-product acetone stream in accordance with any preceding claim wherein said acetone stream contains 
5% or more of both methanol and ^butanol. 
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